Objective. Objective. To assess course instructors' and students' perceptions of the Educating Pharmacy Students and Pharmacists to Improve Quality (EPIQ) curriculum.
INTRODUCTION
More than a decade after the release of the Institute of Medicine's report, To Err is Human, teaching students about patient safety and quality improvement remains a concern for pharmacy educators. The Accreditation Council for Pharmacy Education (ACPE) guidelines require that pharmacy students be able to apply "quality improvement strategies, medication safety and error reduction programs and research processes to minimize drug misadventures and optimize patient outcomes" upon graduation. 1 Nevertheless, Holdford and colleagues identified a need to improve how pharmacy students are taught about medication safety and the science underlying it. 2 In response to the recognized need for safety and quality improvement curriculum materials developed specifically for pharmacists, the Pharmacy Quality Alliance funded the development of the Educating Pharmacy Students and Pharmacists to Improve Quality (EPIQ) program. The EPIQ program focuses specifically on the knowledge and skills necessary for reducing medication errors and applying quality improvement techniques to ensure patient safety. 3 EPIQ, which has been described in detail elsewhere, 3 contains curricular content and pedagogy for administration of a 3-credit class. It includes 5 modules: (1) status of quality improvement and reporting in the US health care system; (2) quality improvement concepts; (3) quality measurement; (4) quality-based interventions and incentives; and (5) application of quality improvement to the pharmacy practice setting. Although EPIQ focuses on quality improvement, several modules include more specific issues such as patient safety, medication errors, and adverse drug event reduction. Each module is comprised of several 50-minute educational sessions, each of which includes a mini-lecture and in-class activities. Supplemental readings, discussion questions, project ideas, and other relevant topic-specific materials are included in an instructor's guide. The instructor's guide also provides examples on how faculty members can integrate EPIQ modules into existing course structures if desired. (EPIQ is available free of charge and upon request at http://www. pqaalliance.org/files/EPIQ-Flyer_MAR2010.pdf.)
Prior EPIQ studies have focused on faculty perceptions of program quality and their intent to implement the EPIQ program at their institution. 4 However, further program evaluation was needed after EPIQ was implemented at several colleges and schools of pharmacy. Therefore, the purpose of this study was to evaluate EPIQ program implementation in several doctor of pharmacy (PharmD) curricula; and to assess the instructors' and students' perceptions of the effectiveness of the EPIQ program.
METHODS
Investigators solicited instructors (ie, faculty members who taught medication safety/quality improvement) from a convenience sample of colleges and schools of pharmacy that had implemented the EPIQ program in their PharmD curriculum (n 5 19). Of these 19 colleges and schools of pharmacy, 7 agreed to participate in the evaluation of faculty and student perceptions. All faculty members who participated in the program evaluation received institutional review board approval (IRB) from their institutions and were named as co-investigators in this study. Three of the investigators collaborated on the development of the EPIQ program prior to this evaluation. 3 Data were collected from the 7 participating institutions. However, due to IRB constraints and timing issues, student data (eg, student questionnaire results and demographics) from only 5 colleges and schools are reported here. This evaluation targeted students enrolled in the EPIQ program (ie, first-year pharmacy students through third-year students depending on where each institution placed EPIQ material in the curriculum).
The investigators developed a retrospective pretestposttest study to measure students' perceptions about their knowledge and the importance of quality improvement and medication error reduction. The retrospective pretest and posttest were administered to students from 5 of the 7 institutions after completing the EPIQ program material. The retrospective pretest portion asked subjects to recall how they felt prior to the intervention. A retrospective pretest-posttest is a validated study design that can help to limit construct-shift bias, a phenomenon that may occur when an individual's interpretation of an internal construct changes over time. [5] [6] [7] [8] [9] A retrospective pretest-posttest study design was chosen because students' understanding of the "quality improvement" construct may have changed during the class (ie, at the beginning of a class the typical student may not be aware of what he/she does and does not know).
The student questionnaire, which was adapted from a previous study by Jackson and colleagues, was reliable and valid. 10 The first portion (items 1-9) of the retrospective pretest and posttest asked students to assess their perception (weak, fair, good, or very good) of their knowledge of quality improvement and medication error reduction knowledge before and after taking the EPIQ class, respectively. The second portion (items 10-16) of the retrospective pretest and posttest asked the students to report their level of agreement (disagree, somewhat disagree, somewhat agree, or agree) with statements about the importance of quality improvement and medication error reduction education before and after the EPIQ class, respectively. The final portion of the questionnaire collected demographic data on the student's age, gender, previous quality improvement experience, year in pharmacy school, and pharmacy experience and work setting, and whether other family members were health care professionals. (A copy of the student questionnaire is available from the corresponding author upon request.)
Investigators developed a questionnaire for EPIQ instructors, which was e-mailed to each participating college or school. The questionnaire contained both qualitative and quantitative questions regarding implementation of the EPIQ program. Instructors were asked to express their opinion of the EPIQ program (ie, strongest and weakest points), describe how they adapted the program to their curriculum, and make recommendations for improvements. In addition, each instructor was asked to provide their opinions concerning the importance and impact of quality improvement and medication error reduction coverage in pharmacy colleges and schools.
Student data were analyzed using Rasch analysis. Rasch analysis is a probabilistic technique to test student responses against what might be predicted using a mathematical model. If the data fit the model, ordinal level data can be converted to interval level data and reliability and validity evidence are obtained. Rasch analysis allows the evaluation of individual person measures and each item's contribution to the overall instrument. 10, 11 When evaluating pretest to posttest measures, Rasch provides an advantage over other statistical methods because it quantifies changes in the attitudes and ability of each student and if present, identifies construct-shift bias. The Wolfe and Chiu procedure for item anchoring of pre-and postdata was used in this analysis, 13 which was conducted using Winsteps, version 3.7.2. (Mesa Press, Chicago, IL).
The main outcome of interest was the change in each student's scores from pretest to posttest. Once data were converted to interval level measures, the Rasch logit change scores for both portions of the student questionnaire (ie, items 1-9 and items 10-16) were used as the dependent variables in multiple linear regression to determine if demographic characteristics (independent variables) impacted student change scores. Independent variables of interest included: gender, previous quality improvement experience, university attended, length of class coverage, and completion of a class quality improvement project. University attended was added to account for variability in teaching styles. SPSS statistical analysis system, version 17.0 for Windows (SPSS Inc, Chicago, Ill) was used for regression analysis. An alpha of 0.05 was assumed for all analyses.
A qualitative coding approach was used to categorize comments for faculty questionnaire data as recommended by Richards, including descriptive coding, topic coding, and analytical coding. 14 Descriptive coding was used to code participants' demographic characteristics about the EPIQ program at their university. Topic coding was used to label the responses according to the respondent and consisted of 2 steps: (1) a general classification of categories, and (2) an iterative recoding process to include more subcategories. Finally, analytical coding was used to evaluate potential implications of responses.
RESULTS
Three hundred forty-seven of 530 (66%) students across 5 universities responded to the EPIQ questionnaire. In 4 out of 5 universities, the majority (over 96%) of students responding to the questionnaire were in their second year of the PharmD program. Respondents' work experience ranged, on average, from 2 to 4 years. Respondents' mean age ranged from 26 to 29 years (depending on the university), and the majority of respondents were female (approximately 65%).
Reliability and validity of the questionnaire were determined via Rasch analysis. The requirements for demonstrating proper rating scale functions were met as follows: (1) the number of observations in each category were greater than 10; (2) the average category measures increased with the rating scale categories; (3) INFIT and OUTIFT MNSQ 11,12 statistics for measured steps were within acceptable range; (4) category thresholds increased with the rating scale categories; (5) category thresholds were at least 1.4 logits apart; and (6) the shape of each rating scale distribution was peaked. 15 The questionnaire met the above 6 qualifications indicating that this measurement tool possessed strong reliability and validity. The group means for student ability logit measures (ie, dependent student's t test) was significantly different from pretest to posttest (p , 0.05).
The hierarchical ordering of items 1-9 as it relates to students' perceptions of their quality improvement knowledge are shown in Figure 1 . The right side of Figure  1 shows the item hierarchy, with items at the bottom of the hierarchy being the easiest to answer positively and items at the top being the most difficult for students to endorse positively. For example, item 5, "My awareness of the impact of medication errors on patient health" was the easiest item for students to endorse positively (ie, to give oneself a high rating on). The item hierarchy shows that item 3, "Ability to implement methods to reduce medication errors" was the most difficult of the 9 items to endorse positively (ie, to assess a high level of ability).
Student responses relative to each item are evaluated using the pretest and posttest normative distributions provided in Figure 1 for items 1-9. For example, the normative distribution for the pretest shows that for item 7, "My ability to improve quality in pharmacy practice," the majority of students rated their ability as weak or fair. However, this is in contrast to the results on the interpretation of the normative distribution for this item on the posttest where it is shown that the majority of students now perceived their ability as good or very good. Results from the other 8 items can be interpreted similarly. Improvement in students' perceived ability was reported across all 9 items.
Results from the multiple linear regression model indicated that when examining what variables significantly affected the students' change score, the university the student attended (p 5 0.02), the completion of a class project (p 5 0.03), and the length of coverage (ie, number of credit hours in the program) (p 5 0.01) were positively related to students' change scores. This indicates that these variables contributed to the improvement in the students' perceived ability across items 1-9. Gender (p 5 0.57) and previous quality improvement experience (p 5 0.91) were not significant. Figure 2 displays the hierarchical ordering of items 10-16 as each relates to students' perceptions about the importance of quality improvement in pharmacy education. The right side of Figure 2 shows the item hierarchy, with items at the bottom of the hierarchy being the easiest to answer positively and items at the top being the most difficult for students to endorse positively. For example, item 14, "Medication errors are a major issue in pharmacy" was the easiest item for students to endorse positively (ie, to agree with). The item hierarchy shows that item 16, "This class provided information that I can apply in practice" was the most difficult of the 7 items to endorse positively (ie, to agree with). However, while item 16 may have been the most difficult item to endorse, as can be viewed from the figure, the majority of responses from students in both the pretest and posttest somewhat agreed or agreed with these statements. This indicates that students' opinions of these issues were already positive before the class. Previous quality improvement experience (p 5 0.04) positively affected students' scores on items 1-9. School (p 5 0.34), completion of a class project (p 5 0.25), number of credit hours (p 5 0.77), and gender (p 5 0.86) were not associated with students' scores.
Faculty Survey Results
Seven faculty respondents from colleges and schools that had implemented the EPIQ program provided feedback ( Table 1 ). The colleges and schools varied according to the number of years of the curriculum, the school calendar, the year in which EPIQ material was taught in the curriculum, whether the EPIQ program was a required part of the curriculum, and educational methods used to teach the EPIQ curriculum. In 6 of 7 colleges and schools, EPIQ content was added to address ACPE requirements. At the time of the survey, none of the colleges or schools used EPIQ in interprofessional education, introductory pharmacy practice experiences (IPPEs), or advanced pharmacy practice experiences (APPEs).
In all 7 colleges and schools, EPIQ was taught using lectures and in-class activities, predominantly as part of a separate course (4 of 7 colleges and schools). A typical class session included a mini-lecture, in-class activity, debriefing, and discussion of homework. Six of 7 schools use the Warholak and Nau companion textbook because it complemented the EPIQ lecture material. 16 In-class exercises were most often used as formative assessments (5 of 7 colleges and schools), while summative assessments were more varied, with 4 colleges and schools using examinations, 2 using attitudinal assessments, and 1 using a team project.
The EPIQ program was implemented differently at each institution. Coverage of the EPIQ program ranged from 2 lectures to a full 3-credit hour course, and spanned from 1 to 32 weeks. Most participating faculty members either added to or integrated their previous quality improvement materials into the EPIQ curriculum (n56) and/or omitted topics because of time and other constraints (n56). Content added included additional medication error identification and reduction techniques, assessment techniques from the Institute for Safe Medication Practices, postmarketing surveillance and the Science of Safety (as defined by the Food and Drug Administration), lessons from the Institute for Healthcare Improvement, medication reconciliation, drug-drug interactions, and state-specific quality improvement laws. Table 2 describes faculty respondents' opinions of EPIQ. Faculty members responded that the EPIQ content was useful in achieving their intended curricular outcomes pertaining to patient medication safety and quality improvement. All 7 colleges and schools indicated that the student-centered activities were the most helpful types of educational materials contained in the EPIQ program. Suggestions for improving EPIQ content included: adding more application opportunities (ie, using more cases), decreasing redundancy, adding materials similar to what the faculty members added (mentioned earlier), keeping it updated, changing the evaluation questions to assess higher-level objectives, and adding more real-world examples.
When asked "What was your major challenge in teaching the EPIQ material?," 2 respondents indicated there was too much material for the time allotted in their curriculum, and 3 responded that teaching the concepts covered in EPIQ was a challenge because many of their students and some of their colleagues did not acknowledge the importance of quality improvement in pharmacy practice. Six faculty members indicated that learning the EPIQ material would help students become better pharmacists. All respondents agreed that the EPIQ program provided information that students will use and that decreasing medication errors is a major issue. 
DISCUSSION
Overall, the EPIQ program was well received by faculty members. The majority reported that the quality of the EPIQ program was good or excellent and agreed or strongly agreed that the EPIQ program helped to meet their course goals. The EPIQ program facilitated implementation of a quality improvement curriculum at each faculty members' college or school. Given the differences among colleges and schools of pharmacy, the flexibility in the program design allowed each faculty member to tailor the program to meet their needs, including supplementing the program with additional content. In addition, the variety of lecture materials and student-centered activities was appealing to instructors.
The implementation of the EPIQ program varied among the 7 colleges and schools, particularly with regard to the type and extent of sessions incorporated into each quality improvement course. Faculty members tended to use more of the sessions in modules 1 (status of quality improvement and reporting in US health care system), 2 (quality improvement concepts), and 3 (quality measurement), and less of the material in modules 4 (quality-based interventions and incentives) and 5 (application of quality improvement). Faculty members seemed to focus more on basic quality improvement principles (modules 1, 2 and 3) rather than application-based principles (modules 4 and 5). One explanation for this is that some of the sessions in modules 4 and 5 were covered in other courses in the curriculum; however, this cannot be determined as this information was not collected.
Although only 2 faculty members used the Implementing Your Own Pharmacy QI Program session, which included the completion of a class project, this was positively and significantly associated with the student's change score in knowledge, skill, and ability. These results are consistent with a previous study assessing preceptors' opinions of the impact of quality assurance projects. Preceptors felt that these quality improvement projects were beneficial to patient care, the practice site, and the preceptors themselves. 17 As quality improvement evolves in pharmacy curricula, consideration should be given to integrating application-based projects into quality improvement content as it is common for quality improvement curricula in other disciplines such as medicine to include both lecture and experiential content. 18 In addition, research suggests that quality improvement projects have broad applications and can be added to a medication safety class or the IPPE sequence. 10 In general, the EPIQ program positively impacted students' confidence in their ability, knowledge, motivation, and awareness of quality improvement and medication error reduction. Although improvement was reported for all questions, items such as "awareness of the impact of medication errors on patient health" were easier to comprehend compared to items such as "ability to implement methods to reduce medication errors." Similarly, for the second portion of the survey instrument, which assessed perceptions of the importance of learning quality improvement and medication error reduction, it was easy for students to comprehend the importance of quality improvement in pharmacy practice and more difficult to agree that course content was applicable in pharmacy practice. This aligns with the tendency of faculty members to use sessions in modules 1, 2, and 3 vs. 4 and 5. These results also support the importance of providing application-based quality improvement projects for students to feel good about their ability to use and apply quality improvement strategies in pharmacy practice. In addition to improving students' ability to implement quality improvement measures, the completion of a class project or other application-based experience can also highlight the relevance and importance of quality improvement in medication error reduction.
The age of respondents in this study ranged from 26-29 years, which is slightly older than that of most pharmacy students. While older age might be associated with more exposure to EPIQ or quality improvement programs, only 14% (n 5 45) of the students indicated they had previous quality improvement experience.
Prior studies of the EPIQ program focused on respondents' intent to implement the EPIQ program at their institution or on faculty perceptions of program quality. 4 This evaluation was unique in that it explored the perspectives of student and faculty perceptions after EPIQ implementation. This evaluation provides insights into the different ways colleges and schools implement the EPIQ program in the PharmD curricula. Assessing implementation through the evaluation of faculty members' experiences and measuring student perspectives allowed us to identify factors that may have a bearing on studentperceived learning and attitude changes (ie, the inclusion of a quality improvement project). This will allow faculty members to adapt the EPIQ program to optimize student learning for future classes. This study did not include a comparator group (ie, a university that did not implement the EPIQ program) in the evaluation. However, this program evaluation was designed specifically to assess implementation of the EPIQ program and its impact on student self-reported knowledge and attitudes across several universities. Research comparing colleges and schools that have implemented EPIQ to those that teach quality improvement and patient safety by other means (not using any portion of the EPIQ program) is planned. Results from this program evaluation should be interpreted cautiously as a convenience sample was used and the number of colleges and schools that participated is small. Because this investigation was designed as a program evaluation, participating colleges and schools were not intended to be representative of all US colleges and schools of pharmacy. Also, only 66% of the students from 5 universities responded to the EPIQ attitudinal questionnaire; thus, response bias may be present. Because of IRB restrictions, student grades could not be included in this program evaluation so it is not known whether the students who responded were the students who had higher grades. Finally, student data could not be collected at 2 of the 7 colleges and schools because of IRB restrictions and timing issues.
CONCLUSION
Evidence suggests that the EPIQ program is a viable, turnkey course that can be used to help pharmacy students build their knowledge of key quality improvement and patient safety concepts. Institutions should incorporate student quality improvement projects as part of the EPIQ program as this has been shown to increase student learning.
